The disorder driven quantum Hall to insulator transition is investigated for a two-dimensional lattice system. We consider a Gaussian correlated random potential, study the behaviour of the current carrying states and trace their energetical position when the disorder strength is increased. Our results qualitatively resemble those obtained previously for exponentially correlated disorder potentials. We find both the downward movement of the anti-Chern states as well as the floating up of the Chern states across the Landau gap which is sometimes masked by the global broadening of the tight binding band.
Introduction
The disorder driven quantum Hall to insulator transition once again became a topic of active research recently. The theoretical activities undertaken over the past years resulted in a controversial debate concerning the fate of the current carrying states [1, 2, 3, 4, 5, 6, 7] . Likewise, the experimental results reported all along remain inconclusive [8, 9, 10, 11, 12, 13, 14, 15] . In numerical studies using uncorrelated random disorder potentials, it was found that in contrast to the continuum model, where the critical states are known to float up in energy [16, 17, 18] , the current carrying states are annihilated by anti-Chern states originating from the band centre in the lattice model [2, 4, 6] . It has also been claimed [4, 5] that such a scenario should be able to explain the direct QH to insulator transitions from higher Hall plateaus with filling factor ν > 2, which apparently have been observed in several experiments. However, according to the proposed global phase diagram [19] , which is based on the levitation picture, such transitions should not be allowed.
In a recent paper we have shown [20] that the lattice model can exhibit similar properties as the continuum model if long range correlated random disorder potentials are considered. Using exponentially correlated random potentials to model the intrinsic scattering potentials and other imperfections that may influence the movement of the charge carriers in real 2DEGs, we found that the floating up in energy can already be observed for correlation lengths larger than about half the lattice constant. In particular, with increasing disorder the floating up of the critical energy across the Landau gap without merging has been demonstrated. The latter is in contrast to the results of a numerical study [21] where Gaussian correlated disorder potentials were used. In the present paper we investigate whether the observed discrepancy is due to the differences in the correlated disorder potentials considered. Therefore, in the following we also use Gaussian correlated disorder potentials and calculate numerically the disorder dependence of the density of states and investigate the finite size scaling of the localisation length from which the energetical position of the current carrying states can be extracted.
Model and Method
The QHE system is described by a disordered two-dimensional single band lattice model [22, 20] 
are the creation and annihilation operators of a particle at site m, respectively. The perpendicular magnetic field is incorporated via the complex phases of the transfer terms, V mn = V exp(ib mn ), between neighbouring sites m, n on the lattice. In the Landau gauge, b mn = ±2π(p/q)( r m · e y )/a, if r n = r m ± a e x , and b mn = 0 else, where r m is the position of site m and e x , e y are unit vectors pointing in the x and y directions. We choose p/q = 1/8 flux quanta h/e per plaquette a × a, where a is the lattice constant. The Gaussian correlated disorder potentials w m are generated from uncorrelated random variables ε n associated with each lattice site n by local averaging using a Gaussian weighting function, w m = 1/N n ε n exp(−|m − n| 2 /η 2 ), with correlation length η and some normalisation factor N. This leads to a spatial correlation function decaying qualitatively like w m w n ∼ exp(−|m − n| 2 /2η 2 ). The probability density of the ε n is taken to be P (ε n ) = 1/(2W ) in the range −W ≤ ε n ≤ W , and zero else.
The density of states ρ(E, W ) is calculated from the distribution of energy eigenvalues which are obtained by direct diagonalisation of square systems averaged over 60 realisations of the correlated disorder potentials. The exponential localisation length λ
is calculated numerically by means of a recursive Green function method [23, 22] .
is the total Green function and G 1L is defined on the subspace of the first and last columns on the lattice. The system's length and width are L and M, respectively. Both, the density of states and the localisation length were computed for various system sizes, disorder strengths, and correlation lengths of the dis- order potentials. In what follows, we restrict the presentation of our results to those data obtained for correlation parameter η/a = 1.0. The same value has been utilised in Ref. [21] .
Results and Discussion
The movement of the energetic position of the current carrying states induced by a change of the disorder strength is obscured by the global broadening of the tight binding band with increasing disorder. To distinguish this effect, which in turn shifts the Landau bands outwards, from the true floating of the critical states, the density of states ρ(E) is calculated first for several disorder strength in the range 0.5 ≤ W/V ≤ 5.0. As an example, the result of ρ(E) for disorder strength W/V = 1.0, 1.5, 2.5, and 3.5 is plotted in Fig. 1 . Due to the symmetry with respect to E/V = 0, only the lower half of the total band is shown. With increasing disorder the sub-bands broaden and shift slightly outwards. The effect is stronger near the band edge. Similar curves were obtained for further disorder strengths. The position of the sub-band peaks were extracted from a curve-fitting procedure using Gaussian 4 and L/a = 5·10 5 depending on the varying convergence for different energy and disorder strength. For fixed system width M, λ M (E, W )/M increases with increasing disorder strength. Associated with this increase is a shift of the peak position, which corresponds to the floating up of the current carrying state to higher energies.
In Fig. 3 the energy and disorder dependence of ρ(E, W ) and λ M (E, W )/M are combined. The position of the sub-band peaks of the density of states (×) is shown within the disorder-energy plane. With increasing disorder, the density of state peaks shift to lower energy. This movement is well fitted by the 
1/2 to the peak position of the sub-bands.
which corresponds to the observation that the bandwidth of the total band increases with disorder ∼ W 2 . The E n denote the energies of the sub-bands (Landau levels) for W/V = 0. In addition to the sub-band peaks, the position of the current carrying states (•) are plotted also in Fig. 3 . The energies of the critical states were extracted from a finite size scaling analysis combined with a similar curvefitting procedure as used for the total density of states above. For each disorder strength λ M (E, W )/M decreases for localised states with increasing system size while it stays constant in the thermodynamic limit only at those energies that correspond to the current carrying states.
For small disorder W both the energy of the peaks in the density of states and the energy of the critical states coincide. However, with increasing disorder strength, the curves move apart. The floating of the energy of the critical states in the opposite direction as the subbands, almost across the lowest Landau gaps, is clearly seen. The downward movement of the anti-Chern state (•) can easily be followed until it is finally annihilated by the Chern state of the lowest sub-band at a disorder strength of W/V ∼ 7. This also defines the cross-over from the quantum Hall liquid state to the insulator.
Comparing our results with those published previously for exponentially correlated disorder potentials [24, 20] , we notice that the behaviour of the current carrying states is qualitatively similar. With increasing correlations the position where the anti-Chern and the last Chern state meet is shifted to higher energies. Therefore, it is to be expected that for stronger correlations only the floating up of the energy of the current carrying states is observed as in the continuum model. The apparent merging and subsequent joint floating of the current carrying states as reported [21] for similar Gaussian correlated disorder potentials was not observed in our investigation. However, this may look different for smaller magnetic field as applied in [21] because the distinction of clustered critical states becomes increasingly problematic in finite size studies.
In conclusion, the disorder driven quantum Hall to insulator transition in a lattice model with Gaussian correlated random potentials has been investigated. For a correlation length η/a = 1 we have shown that the energy of the lowest current carrying state floats up in energy across the Landau gap when the disorder strength is increased. This is similar to the levitation scenario proposed for the continuum model. In view of these results, the proposed explanation [21] for the apparent direct transitions to the insulator from plateaus with ν > 2 as being due to the downward movement of the anti-Chern states is unlikely. We believe that the direct transitions reported in experiments are either unresolved single one by one transitions or have to be accounted for by electronelectron interactions.
